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(57) ABSTRACT 

First and second detection frames are supported by a substrate 
to be rotatable about ?rst and second torsion axes. A ?rst link 
beam is connected to the ?rst detection frame on an axis 
located at a position moved from a position of the ?rst torsion 
axis in a ?rst direction crossing the ?rst torsion axis and 
directed to one end side of the ?rst detection frame. A second 
link beam is connected to the second detection frame on an 
axis located at a position shifted from a position of the second 
torsion axis in a second direction opposite to the ?rst direc 
tion. An inertia mass body is displaceable in a thickness 
direction of the substrate by being linked With the ?rst and 
second detection frames by the ?rst and second link beams, 
respectively. This constitution makes it possible to obtain a 
highly precise acceleration sensor hardly in?uenced by dis 
turbances. 

9 Claims, 16 Drawing Sheets 
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ELECTROSTATIC CAPACITANCE TYPE 
ACCELERATION SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an acceleration sensor, and 

more particularly to an electrostatic capacitance type accel 
eration sensor. 

2. Description of the Background Art 
As one of the principles of a conventional acceleration 

sensor for detecting acceleration in the substrate thickness 
direction, there is a method for detecting a change in electro 
static capacitance in accordance With the acceleration. As an 
acceleration sensor based on this method, there is proposed in 
Japanese Patent Laid-Open No. 05-133976 (page 16, FIGS. 
23 and 24) an acceleration sensor including, for example, a 
torsion beam, an inertia mass body, a detection frame, and a 
detection electrode as main components. 

The acceleration sensor includes one detection frame hav 
ing a surface facing a substrate. The inertia mass body is 
provided on one end part of the detection frame. Further, the 
detection frame is supported on the substrate so as to be 
rotatable With the torsion beam as the axis of rotation. Further, 
the detection electrode for detecting this rotational displace 
ment is provided under the detection frame. 
When acceleration in the substrate thickness direction is 

applied to the acceleration sensor constituted as described 
above, inertia force in the substrate thickness direction acts on 
the inertia mass body. Since the inertia mass body is provided 
on the one end part, that is, at a position deviated from the axis 
of rotation in the substrate in-plane direction, this inertia force 
acts on the detection frame as a torque around the torsion 
beam. As a result, the detection frame is rotationally dis 
placed. 

The distance betWeen the detection frame and the detection 
electrode is changed by this rotational displacement, Which 
causes electrostatic capacitance formed by the detection 
frame and the detection electrode to be changed. The accel 
eration is measured from this change in electrostatic capaci 
tance. 

Gravity alWays acts doWnWard on the inertia mass body. 
Thereby, the inertia mass body is in the state of being dis 
placed doWnWard from the axis of rotation of the detection 
frame. 
When acceleration in the substrate in-plane direction and 

in a direction crossing the axis of rotation is applied to the 
acceleration sensor in this state, the point Where the inertia 
force acts on the detection frame is positioned loWer than the 
axis of rotation. Further, this inertia force has a component 
orthogonal to the axis of rotation. As a result, the detection 
frame is rotationally displaced by receiving torque around the 
axis of rotation. That is, also When acceleration along an axis 
other than the axis as the object to be detected by the accel 
eration sensor is applied, the detection frame is rotationally 
displaced. 

Further, also When angular acceleration around the torsion 
beam is applied to the acceleration sensor, the detection frame 
is rotated by the inertia force applied to the inertia mass body. 

Further, also When angular velocity is applied to the accel 
eration sensor, the detection frame may be rotated under the 
in?uence of centrifugal force applied to the inertia mass body. 

In the above described conventional acceleration sensor, 
the rotation of the detection frame due to acceleration of other 
axis, angular acceleration, and angular velocity cannot be 
distinguished from the rotation of the detection frame due to 
acceleration in the substrate thickness direction Which is the 
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2 
object to be detected. Therefore, there is a problem that the 
detection error of acceleration is increased. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the above 
described problem. An object of the present invention is to 
provide a highly precise acceleration sensor Which is hardly 
in?uenced by acceleration of other axis, angular acceleration, 
and angular velocity. 
The acceleration sensor according to the present invention 

includes a substrate, ?rst and second torsion beams, ?rst and 
second detection frames, a plurality of detection electrodes, 
?rst and second link beams, and an inertia mass body. 
The ?rst torsion beam can be distorted around a ?rst torsion 

axis, and is supported by the substrate. The ?rst detection 
frame is supported by the substrate With the ?rst torsion beam 
so as to be rotatable about the ?rst torsion axis. The second 
torsion beam can be distorted around a second torsion axis, 
and is supported by the substrate. The second detection frame 
is supported by the substrate With the second torsion beam so 
as to be rotatable about the second torsion axis. The plurality 
of detection electrodes are provided for detecting an angle 
formed betWeen the substrate and each of the ?rst and second 
detection frames on the basis of electrostatic capacitance, and 
are formed on the substrate so as to face each of the ?rst and 
second detection frames. The ?rst link beam is connected to 
the ?rst detection frame on an axis located at a position moved 
from a position of the ?rst torsion axis in a ?rst direction 
crossing the ?rst torsion axis and directed to one end side of 
the ?rst detection frame. The second link beam is connected 
to the second detection frame on an axis located at a position 
shifted from a position of the second torsion axis in a second 
direction opposite to the ?rst direction. The inertia mass body 
is supported above the substrate so as to be displaceable in a 
thickness direction of the substrate by being connected to the 
?rst and second detection frames by the ?rst and second link 
beams, respectively. 

According to the acceleration sensor of the present inven 
tion, the ?rst link beam is connected to the ?rst detection 
frame on the axis located at a position moved from the posi 
tion of the ?rst torsion axis in a direction crossing the ?rst 
torsion axis and directed to one end side of the ?rst detection 
frame. On the other hand, the second link beam is connected 
to the second detection frame on the axis located at a position 
shifted from the position of the second torsion axis in a 
direction opposite to the direction described above. 

For this reason, When the inertia mass body is displaced in 
the thickness direction of the substrate, the ?rst and second 
detection frames are rotationally displaced in the directions 
opposite to each other, While When the inertia mass body is 
inclined or displaced in the in-plane direction of the substrate, 
the ?rst and second detection frames are rotationally dis 
placed in the same direction. 

Therefore, by providing the detection electrodes in such a 
manner that the sensitivity thereof can be increased only 
When the ?rst and second detection frames are rotationally 
displaced in the directions opposite to each other, it is possible 
to suppress the sensitivity to acceleration in the directions 
other than the direction to be detected, and to suppress the 
in?uence of angular velocity or angular acceleration. 
The foregoing and other objects, features, aspects and 

advantages of the present invention Will become more appar 
ent from the folloWing detailed description of the present 
invention When taken in conjunction With the accompanying 
draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top vieW schematically showing a constitution 
of an acceleration sensor according to Embodiment l of the 
present invention; 

FIG. 2 is a schematic cross-sectional vieW along line II-II in 
FIG. 1; 

FIG. 3 is a cross-sectional vieW Which schematically shoWs 
a state Where acceleration is applied upWard along the ?lm 
thickness direction of the substrate to the acceleration sensor 
according to Embodiment l of the present invention, and 
Whose cross-sectional position corresponds to the cross-sec 
tional position in FIG. 2, and in Which anchors are not shoWn 
for the sake of clarity; 

FIG. 4 is a circuit diagram explaining an electrical connec 
tion betWeen capacitors formed by ?rst and second detection 
frames and detection electrodes of the acceleration sensor 
according to Embodiment l of the present invention; 

FIG. 5 is a sectional vieW Which schematically shoWs a 
state Where negative angular acceleration around the X axis is 
applied to the center of gravity of an inertia mass body of the 
acceleration sensor according to Embodiment l of the present 
invention, Whose cross-sectional position is the same as in 
FIG. 2, and in Which the ?rst and second detection frames, 
anchors, and detection electrodes are not shoWn for the sake 
of clarity; 

FIG. 6 is a sectional vieW Which schematically shoWs a 
state Where negative angular acceleration around the X axis is 
applied to the center of gravity of an inertia mass body of the 
acceleration sensor according to Embodiment l of the present 
invention, Whose cross-sectional position is the same as in 
FIG. 2, and in Which anchors are not shoWn for the sake of 
clarity; 

FIG. 7 is a ?gure Which shoWs a state Where angular veloc 
ity having a positive component in the Z axis direction and a 
negative component in the Y axis direction is applied to the 
center of gravity of the inertia mass body according to 
Embodiment l of the present invention, and in Which the ?rst 
and second detection frames, anchors, and detection elec 
trodes are not shoWn for the sake of clarity; 

FIG. 8 is a cross-sectional vieW Which schematically shoWs 
a state Where angular velocity having a positive component in 
the Z axis direction and a negative component in theY axis 
direction is applied to the center of gravity of an inertia mass 
body of the acceleration sensor according to Embodiment l 
of the present invention, Whose cross-sectional position is the 
same as in FIG. 2, and in Which the ?rst and the second 
detection frame, anchors, and detection electrodes are not 
shoWn for the sake of clarity; 

FIGS. 9 to 13 are schematic sectional vieWs Which shoW 
?rst to ?fth steps of a method for manufacturing the accelera 
tion sensor according to Embodiment l of the present inven 
tion, and Whose cross-sectional position corresponds to the 
cross-sectional position in FIG. 2; 

FIG. 14 is a top vieW schematically shoWing a constitution 
of an acceleration sensor according to Embodiment 2 of the 
present invention; 

FIG. 15 is a sectional vieW along line XV-XV in FIG. 14; 
FIG. 16 is a top vieW schematically shoWing a constitution 

of an acceleration sensor according to Embodiment 3 of the 
present invention; 

FIG. 17 is a top vieW schematically shoWing a constitution 
of an acceleration sensor according to Embodiment 4 of the 
present invention; 

FIG. 18 is a top vieW schematically shoWing a constitution 
of an acceleration sensor according to Embodiment 5 of the 
present invention; 

FIG. 19 is a top vieW schematically shoWing a constitution 
of an acceleration sensor according to Embodiment 6 of the 
present invention; 
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4 
FIG. 20 is a circuit diagram explaining an electrical con 

nection betWeen capacitors formed by ?rst and second detec 
tion frames and detection electrodes of the acceleration sen 
sor according to Embodiment 6 of the present invention; 

FIG. 21 is a top vieW schematically shoWing a constitution 
of an acceleration sensor according to Embodiment 7 of the 
present invention; 

FIG. 22 is a partial cross-sectional vieW Which schemati 
cally shoWs a state Where acceleration is applied upWard 
along the ?lm thickness direction of the substrate to the accel 
eration sensor according to Embodiment 7 of the present 
invention, and Whose cross-sectional position corresponds to 
the position along line XXII-XXII in FIG. 21, and in Which 
anchors are not shoWn for the sake of clarity, and the position 
of a second torsion axis in the Z axis direction corresponds to 
cantilever-like displacement of a second torsion beam; 

FIG. 23 is a graph schematically shoWing relationship 
betWeen output potential and acceleration of the acceleration 
sensor according to Embodiment 7 of the present invention; 

FIG. 24 is a top vieW schematically shoWing a constitution 
of an acceleration sensor according to a comparative example 
of Embodiment 7 of the present invention; 

FIG. 25 is a partial cross-sectional vieW Which schemati 
cally shoWs a state Where acceleration is applied upWard 
along the ?lm thickness direction of the substrate to the accel 
eration sensor according to the comparative example of 
Embodiment 7 of the present invention, and Whose cross 
sectional position corresponds to the position along line 
XXV-XXV in FIG. 24, and in Which anchors are not shoWn 
for the sake of clarity, and the position of a second torsion axis 
in the Z axis direction corresponds to cantilever-like displace 
ment of a second torsion beam; 

FIG. 26 is a graph schematically shoWing relationship 
betWeen output potential and acceleration of the acceleration 
sensor according to the comparative example of Embodiment 
7 of the present invention; 

FIG. 27 is a top vieW schematically shoWing a constitution 
of an acceleration sensor according to Embodiment 8 of the 
present invention; 

FIG. 28 is a partial cross-sectional vieW Which schemati 
cally shoWs a state Where acceleration is applied upWard 
along the ?lm thickness direction of the substrate to the accel 
eration sensor according to Embodiment 8 of the present 
invention, and Whose cross-sectional position corresponds to 
the position along line XXVIII-XXVIII in FIG. 27, and in 
Which anchors are not shoWn for the sake of clarity, and the 
position of a second torsion axis in the Z axis direction cor 
responds to cantilever-like displacement of a second torsion 
beam; 

FIG. 29 is a top vieW schematically shoWing a constitution 
of an acceleration sensor according to Embodiment 9 of the 
present invention; and 

FIG. 30 is a partial cross-sectional vieW Which schemati 
cally shoWs a state Where acceleration is applied upWard 
along the ?lm thickness direction of the substrate to the accel 
eration sensor according to Embodiment 9 of the present 
invention, and Whose cross-sectional position corresponds to 
the position along line XXX-XXX in FIG. 29, and in Which 
anchors are not shoWn for the sake of clarity. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the folloWing, embodiments according to the present 
invention Will be described With reference to the draWings. 

Embodiment 1 

First, a main constitution of an acceleration sensor accord 
ing to the present embodiment is explained. 
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Referring to FIGS. 1 and 2, the coordinate axes of the X 
axis, theY axis and the Z axis are introduced for convenience 
of explanation. In FIG. 1, the X axis is an axis in Which the 
right direction along the lateral direction is the positive direc 
tion, the Y axis is an axis in Which the upper direction along 
the longitudinal direction is the positive direction, and the Z 
axis is an axis Which is vertical to the paper surface and in 
Which the upper direction is the positive direction. Note that 
the direction of the Z axis coincides With the acceleration 
direction to be measured by the acceleration sensor according 
to the present embodiment. 

The acceleration sensor according to the present embodi 
ment mainly includes a substrate 1, ?rst and second torsion 
beams 11 and 12, ?rst and second detection frames 21 and 22, 
a plurality of detection electrodes 40, ?rst and second link 
beams 31 and 32, and an inertia mass body 2. 
A silicon substrate can be used as substrate 1. Further, a 

polysilicon ?lm can be used as a material of ?rst and second 
torsion beams 11 and 12, ?rst and second detection frames 21 
and 22, ?rst and second link beams 31 and 32, inertia mass 
body 2, and detection electrodes 40. It is preferred that the 
polysilicon ?lm has loW stress and no stress distribution in the 
thickness direction thereof. 

First torsion beam 11 is supported by substrate 1 With an 
anchor 91 so as to be distortionable around a ?rst torsion axis 
T1 along the X axis. 

First detection frame 21 is supported by substrate 1 With 
?rst torsion beam 11 so as to be rotatable about ?rst torsion 
axis T1. Further, at least a part of ?rst detection frame 21 has 
conductivity. 

Second torsion beam 12 is supported by substrate 1 With an 
anchor 92 so as to be distortionable around a second torsion 
axis T2 along the X axis. 

Second detection frame 22 is supported by substrate 1 With 
second torsion beam 12 so as to be rotatable about second 
torsion axis T2. Further, at least a part of second detection 
frame 22 has conductivity. 

The plurality of detection electrodes 40 are formed on 
substrate 1 With an insulating ?lm 3 interposed therebetWeen 
so as to face each of ?rst and second detection frames 21 and 
22, in order to enable an angle for'medbetWeen substrate 1 and 
each of ?rst and second detection frames 21 and 22 to be 
detected on the basis of electrostatic capacitance. Note that a 
silicon nitride ?lm or a silicon oxide ?lm having loW stress is 
preferably used as insulating ?lm 3. 

First link beam 31 is connected to ?rst detection frame 21 
on an axis L1 Which is located at a position moved in parallel 
from a position of ?rst torsion axis T1 by an offset e1 in a ?rst 
direction crossing ?rst torsion axis T1 and directed to one end 
side of ?rst detection frame 21. That is, the absolute value of 
offset e1 is a dimension betWeen ?rst torsion axis T1 and ?rst 
link beam 31, and the direction of the offset is the direction 
crossing ?rst torsion axis T1 and directed from ?rst torsion 
axis T1 to axis L1. 

Second link beam 32 is connected to second detection 
frame 22 on an axis L2 Which is located at a position shifted 
in parallel from a position of second torsion axis T2 by an 
offset e2 in a second direction opposite to the ?rst direction, 
that is, a direction opposite to the direction of offset e1. That 
is, the absolute value of offset e2 is a dimension betWeen 
second torsion axis T2 and second link beam 32, and the 
direction of offset e2 is opposite to the direction of offset e1. 

Inertia mass body 2 is supported above substrate 1 so as to 
be displaceable in the thickness direction of substrate 1, by 
being connected to ?rst and second detection frames 21 and 
22 by ?rst and second link beams 31 and 32, respectively. 
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6 
Subsequently, details of constitution of detection electrode 

40 as described above, and the principle to detect the angle 
betWeen substrate 1 and each of ?rst and second detection 
frames 21 and 22 are explained. 

Detection electrode 40 has a ?rst detection electrode 41 
facing ?rst detection frame 21. First detection electrode 41 
has ?rst detection electrodes 41a and 41b so as to sandWich 
?rst torsion axis T1 therebetWeen. First detection electrode 
41a is positioned on the outer peripheral side (upper side in 
FIG. 1) of the acceleration sensor, and ?rst detection elec 
trode 41b is positioned on the inner peripheral side (central 
side in FIG. 2) of the acceleration sensor. First detection 
electrodes 41a and 41b are provided so as to sandWich ?rst 
torsion axis T1 therebetWeen. 
When ?rst detection frame 21 is rotated around ?rst torsion 

beam 11, the rear surface (surface facing ?rst detection elec 
trode 41) of ?rst detection frame 21 approaches one of ?rst 
detection electrodes 41a and 41b and recedes from the other 
?rst detection electrode. Thus, it is possible to detect an angle 
betWeen ?rst detection frame 21 and substrate 1 by detecting 
a difference betWeen electrostatic capacitance formed by 
making ?rst detection frame 21 face ?rst detection electrode 
41a and electrostatic capacitance formed by making ?rst 
detection frame 21 face ?rst detection electrode 41b. 

Detection electrode 40 has a second detection electrode 42 
facing second detection frame 22. Second detection electrode 
42 has second detection electrodes 42a and 42b so as to 
sandWich second torsion axis T2 therebetWeen. Second 
detection electrode 42a is positioned on the outer peripheral 
side (loWer side in FIG. 1) of the acceleration sensor, and 
second detection electrode 42b is positioned on the inner 
peripheral side (central side in FIG. 1) of the acceleration 
sensor. Second detection electrodes 42a and 42b are formed 
so as to sandWich second torsion axis T2 therebetWeen. 
When second detection frame 22 is rotated around second 

torsion beam 12, the rear surface (surface facing second 
detection electrode 42) of second detection frame 22 
approaches one of second detection electrodes 42a and 42b 
and recedes from the other second detection electrode. Thus, 
it is possible to detect an angle betWeen second detection 
frame 22 and substrate 1 by detecting a difference betWeen 
electrostatic capacitance formed by making second detection 
frame 22 face second detection electrode 42a and electro 
static capacitance formed by making second detection frame 
22 face second detection electrode 42b. 

Preferably, ?rst and second torsion beams 11 and 12, and 
?rst and second link beams 31 and 32 are respectively 
arranged so that offsets el and e2 are directed to directions 
opposite to each other and have an equal amount in each 
direction. 
Even more preferably, the plane layout of the acceleration 

sensor has a constitution Which is line symmetrical to a center 
line B extended in the direction in parallel With ?rst and 
second torsion axes T1 and T2, and in Which the center of 
gravity G of inertia mass body 2 is positioned on center line B. 

Further, the plane layout of the acceleration sensor has a 
constitution Which is line symmetrical to a center line A 
extended in the direction crossing ?rst and second torsion 
axes T1 and T2, and in Which the center of gravity G of inertia 
mass body 2 is positioned on center line A. 

Subsequently, a measuring principle of acceleration of the 
acceleration sensor according to the present embodiment is 
explained. 

Referring to FIG. 3, When acceleration aZ in the upWard 
direction along the ?lm thickness direction of substrate, that 
is, in the positive direction (upWard direction in the ?gure) of 
the Z axis is applied, inertia mass body 2 is displaced by the 














